This study was undertaken to compare certain aspects of the colloidal behavior of ribonuclease treated bacterial cells with that of normal cells. Henry and Stacey (1943) and others have reported that ribonucleic acid plays an important role in gram staining. Many early investigators suggested that the electrical charge on the bacterial cell was an important factor in staining in general. If these concepts are correct, it would appear that the removal of ribonucleic acid from bacterial cells should affect quantitatively the adsorption of crystal violet. Also, since the phosphate radical of nucleic acid is believed by many to represent one of the major negative polar groups of living material, the removal of nucleic acid might be expected to affect bacterial electrophoretic mobility. This study was designed to obtain comparable quantitative data relative to the electrophoretic mobility and crystal violet adsorbing capacity of normal bacterial cells and similar cells from which nucleic acid had been removed by treatment with ribonuclease.
MATERIALS AND METHODS
All cultures used in this investigation were obtained from the stock collection of the Department of Bacteriology, Kansas State College. In order to obtain the large numbers of cells needed, cultures were grown in flasks with liter amounts of liquid media vigorously aerated by sterile, compresed air. Nutrient broth plus 1 per cent glucose was used as the growth medium for all except Azotobacter chroococcum and Rhizobium meliloti which were grown in Ashby's mannitol and Allisons' medium, respectively. By heavily inoculating suitable media with rapidly growing cultures, sufficient cells could be obtained in 24 hours at 30 C. Cells were harvested by centrifugation and washed 3 times in a balanced salts solution.
Five milliliters of the concentrated cellular (Umbreit, Burris, and Stauffer, 1945) to determine the extent to which ribonuclease had released nucleic acid from the cells. Dye adsorption studies were made by suspending the cells in a dilute dye solution at pH 7.0 for 24 hours. Dye uptake of the cells was determined by centrifuging out the cells and measuring spectrophotometrically the dye remaining in solution. The electrophoretic measurements followed the procedure described by Moyer (1936) . Sodium acetate-acetic acid buffer was used at constant ionic strength (M/100). Measurements of mobility were made at 25 C. Throughout this investigation, the "normal" cells differed from the enzyme treated cels only by the absence of ribonuclease treatment. (Fisher, 1936 Dyar (1947) grew Bacillus mycoides on a nitrogen deficient medium for 24 hours and compared the The results of these studies supply additional evidence as to the importance of the ribonucleic acids in the staining reactions of the bacterial cell. The fact that the changes in the electrophoretic behavior due to ribonuclease treatment were significant but not of a great magnitude gives more indirect evidence as to the location of these nucleoproteins. If that portion of the cell in direct contact with the suspending medium were composed largely of nucleoprotein, then much 520)
[VOL. 65 greater changes in mobility might be expected when these are removed. On the other hand, if these compounds were located beneath the cell wall as part of the cytoplasmic membrane, as suggested by Knaysi (1951) , then removal of the nucleic acid might be expected to have only a slight effect on the surface phenomena. Since the quantitative changes in the electrophoretic mobility were in most cases relatively small, it would appear that the nucleic acids are not located on the external cell surfaces. Likewise, the relationship between the removal of the ribonucleic acids and the degree of reduction in crystal violet adsorption by the treated cells comprises evidence that the staining reactions take place largely on the cytoplasmic membrane of the cell with the nucleoprotein playing an important part in this reaction.
ARY
The treatment of both gram positive and gram negative bacteria with ribonuclease caused a quantitative decrease in the adsorption of crystal violet. Small but significant decreases in the electrophoretic mobility were found in the treated cells of 13 of the 14 species studied. The pH at which the electrophoretic comparisons were made was found to be an important factor in detecting electrophoretic changes due to ribonuclease treatment. Decrease in dye adsorption and electrical charge also were found to occur in cells depleted of nucleic acids by incubation in the absence of added nutrients. These findings are discussed briefly in relation to the location of the ribonucleic acids within the bacterial cells.
